This study demonstrates that when measuring wide swings in noise over short time periods, Time Weighted Average (TWA) calculated results may vary significantly depending upon the exchange rate used. The 3 dBA exchange rate, the ACGIH recommended criteria, results in statistically significant higher values than the 5dBA exchange rate recommended by OSHA, when noise levels vary from 70 dBA to 120 dBA while measurements are taken.
dBA and an 8 hour criterion level of 85 dBA. In 1998, the National Institute of Occupational Safety and Health (NIOSH, 1998) recommended that for occupational noise exposure 1.) the exchange rate should be 3 dBA rather than 5 dBA and 2.) the maximum exposure should be 85 dBA for 8 hours, consistent with international standards. These recommendations were based on a review of risk assessments conducted by the ISO, the Environmental Protection Agency (EPA), and previous NIOSH data.
Continuous noise level exposure for 8 hours was the baseline for determining hearing loss. In the 1998 report, NIOSH encour- The goal of this study was to determine the effect of vehicular noise on working traffic police. We therefore developed an integrated sampling strategy to conduct both (1) time averaged personal samples of traffic police and (2) time averaged area samples, employing a Quest Model Q-300 noise dosimeter (Quest Technologies, Oconomowoc, WI). The dosimeter was checked for accuracy prior to each use with a standard 114 dBA calibration source. Measurements were taken every minute and the results were integrated hourly. All data was analysed using the Quest Suite Professional Computer Program (QSPCP). Three channels of the dosimeter were set as described in Table I . The results demonstrate that when noise levels vary from below the threshold limit to well above the threshold limit there is a significant difference between the Time Weighted Average (TWA) when using these exchange rates.
Personal Monitoring:
Three intersections for personal monitoring were chosen because of differences in traffic flow and surrounding conditions. At all sites measured, noise levels showed swings from approximately 70 dBA to greater than 90 dBA in less than 30 seconds.
Only noise exceeding 90 dBA with an exchange rate of 5 dBA was collected in the first channel, called OSHANC. This allowed us to observe during the data collection period variations in louder noise sources. All noise above a threshold of 80 dBA was collected in channels two and three. While some traffic police work more than an 8 hour day, we used projected 8-hour TWA calculations. Results reported in Table 2 Noise remained above 90 dBA over the entire period measured, although it decreased in the afternoon. A review of this data in Table 2 shows traffic police working at Narayan Gopal have significant noise exposure throughout the day.
The Bhotahity intersection is in the central city, where brick buildings in close proximity to the road reflect noise. Frequent horn use, in addition to the average vehicle density, contributes to noise intensity at this intersection. Average traffic density was 67 light vehicles and 5.7 heavy vehicles per minute. Data shows maximum noise of 98 dBA from 9:00 and10:00 AM during rush hour traffic and relatively low noise levels in non-rush hours between 11:00 AM to 2: 00 PM. Personal noise data was collected from 9:15 AM to 6:15 PM. proximity to police, resulting in elevated noise exposure. It should be noted the ACGIH value, employing the 3 dBA exchange rate, was consistently 6 to 8 dBA higher than the OSHAHC value, employing the 5 dBA exchange rate. Figure 3 shows the full day measurements of the personal noise levels taken at Koteshwor.
We conducted a statistical analysis on the aggregated 52 personal samples employing a t-test. Analysis for this data shows a statistically significant 5.27 dBA (CI 95% 2.60-7.95) higher noise level when using the 3 dBA exchange rate compared to the 5 dBA exchange rate.
Area Monitoring
We conducted area monitoring at 5 intersections in an attempt to determine whether area samples would usefully enhance representative personal monitoring. In addition to Koteshwor, Narayan Gobal and Bhotahity, we sampled at Thapatali and Jawalakhel in the center of Kathmandu. At each intersection we collected multiple noise samples at different points within the intersection.
The dosimeter operated in the run mode for 1 hour during the day at each designated point. We collected area noise data in Koteshwor at 6 different points in the intersection representative of the traffic pattern. We collected area noise data in Narayan
Gopal at 5 points in the intersection.
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At Bhotahity we collected data at 4 points. At Thapathali, we collected data at 4 points which included the traffic kiosk. There is significant commercial and truck traffic at this major crossing of the Bagmati River. At Jawalakhel we collected data at 6 roundabout points along the crossroads and traffic kiosk. Considerable commercial and truck traffic pass through this intersection as well. This data is shown in Table III In all we collected 48 area samples and conducted a statistical analysis on the aggregated samples employing a ttest. Analysis of this data shows a statistical difference of 6.73 dBA (CI 95% 4.02-9.43) higher average value with the 3 dBA exchange rate compared to the 5 dBA exchange rate. 
Personal Samples Compared to Area Samples
We then compared personal noise data to area noise data collected at the same intersections and times. Data in Table 2 and Carter, Rauniyar / International Journal of Occupational Safety and Health, Vol 1 (2011) 7 -13
Conclusion
The average personal noise levels measured in this study ranged from 70 to 120 dBA. When using the 3 dBA exchange rate personal sampling noise levels at each intersection ranged between 80-109 dBA for the following percentage of time:
in Koteshwor 42% of the time, Bhotahity 55% of the time, and Narayan Gopal for 69% of the time. Traffic police are exposed to these sound levels for most of their duty hours. Therefore a hearing protection program has been recommended for all traffic police.
Where personal and area sampling were conducted simultaneously, the personal samples gave higher values than area samples. Based on these investigations, two sites where area sampling only was conducted merit additional investigation with personal monitoring.
Recommendations
The KMTPD study demonstrates that the current OSHA standard of 5 dBA does not adquately protect workers against noise levels in the 85 to 90 dBA range, particularly when there is frequent and rapid variation in noise levels. Under cirumstances where there is varying noise level it is important to employ an exchange rate of 3 dBA to obtain accurate time average noise levels. These conditions exist in many workplace environments.
The American Industrial Hygiene Association (AIHA) has encouraged OSHA to lower the exchange rate to 3 dBA and the criterion level to 85 dBA from the current standard. This data demonstrates the more prudent approach is to use the 3 dBA exchange rate when evaluating personal exposure. Consideration should be given to employing the 3 dBA exchange rate for all TWA measurements and the 85 dBA criterion level for all Hearing Conservation programs. Additional studies concerning Noise Induced Permanent Threshold Shift calculations should be conducted using data employing the 3 dBA exchange rate.
Area sampling alone cannot properly represent potential noise exposure. As observed in this study, the discrepancy between area samples and personal samples is likely to be more prevalent where there are wide fluctuations in the noise levels. Thus personal sampling is essential to comply with monitoring requirements and accurately determine when persons may be exposed to intermittent noise levels above 85 dBA TWA. Likewise when noise levels vary widely over relatively short period of time and distance, integrated sampling is recommended to accurately determine potential exposure.
